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|> (57) Abstract: Transmittances L are given to all the pixels (m, n) constituting a DOE to calculate all the Fourier transforms in 
g desired direction Of, 0. The desired directions or, £ are not present at the regularly arrayed lattice points. Therefore, calculation by 
^ fast Fourier transform (FFT) cannot be done any more. Even though the computational complexity increases, an irregular diffraction 
^ P attem shifted from the lattice can be generated. The resolutions U, V can be smaller than A /aR and A /bS ( A is the wavelength 
w and aR and bS represent the size of the DOE). A laser beam can be split into a given number of beams in given directions with 
^ high resolution. A laser beam can be simultaneously applied to multiple points at any positions with high position accuracy. Free, 

high-accuracy spot arrangement required for electronic components can be realized. The invention is effective in speeding up laser 

machining and in reducing cost. 
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[ 0 0 9 2] 

mizftWi-zftfetemm&frfrzn-vfoztf, {t mn } ^a^tcs^f*, ^te^^cm 

[ 0 0 9 3 ] 
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[ 0 0 9 4 ] 

[ 0 0 9 5 ] 

a.s^y h^^ , ->'l:fflV , ''f DO E<£>^T<£>-fe/l-'£rii * £ -rs^^Pjmfc* 

A* b ^illJIE b < ^ fcSE?IJ LtV^i^ <£ 5 gB^IJ <D^£^<D Wt<Dfrt& \f - A & 

[^PJ^^jM] 
[ 0 0 9 6 ] 

[0 0 9 7] 

^5i5^lH]^fM^^^Pn B B (DOE) t^50|i-^^-yOa= S ' h/^-yT*« 
[0 0 9 8] 

[0 0 9 9 ] 
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[0100] 

[0101] 

[0102] 

hZ><DX&>2> 0 

[0103] 

[0104] 

±SB©ft#^^©5>iiS3fiStH)[ Srffiv^S £ |c .J; o TD O E <D^* — ^^Jftjg-fbia 
Ktf ( ( 1 ) #Hfi 2000-231012-^-) t |iJ)$H«I Direct Binary Search (DBS) 
[0105] 

[0106] 
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±lBO«t 5^5£(l 6) 0>fHM»^ K 10(75^1^ f-A^g^^ X ( a , £ ) = | W ( a , 

[0107] 



Ifc5 ] 



/ \2 

£ = ^i +^Z( / k'A)- 7 ) 2 (20) 

\ k J k 



[0108] 

£ ^T? 77 ofiinii'f^J^Og^ffi. I - (_tmtt%<D I ) ft I (a, J3 ) O^i&jit, W, , 
[0109] 

(16) ±oT/^ X£ffi[ Lfcv^ ^ ;5-e&6^ if - ^#/^ 

w xco^jg ( a , js) z^tb^fci-z tftx*%tj:v\ ^tc^m^n fe&mfe 

[0110] 

(#ii£3£^o£-*) £tf-^i-3<D-r% ^fr^m^x/ ^ x&wffir*£ s <t ^ ?ftj£#;& 

So 

[0111] 

^z.x^mmmx\t, y-YXft#{cpioTF FT^^jffl-rSo /c^e, (4) s;©i5 
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I ' r s t^S. 

09*. ft* sis (20) <D\\t> 9 

[0112] 

[f£6] 

^ = ^o-S / (^A)l +^E( / fe>A)-/T+^Max(0 2 (2D 

\ k J k r,s 

[0113] 

Ztltc*^.? h/^<Dnm^mmi-iU 3 = X/ a R, V 3 =X/bS{Cj;oTSiJPg$tLS 0 
[0114] 

[0115] 

[^x^aift (i) ] 

RXSO/^-i^JUfflfc t mn = o offiisfc&ilinu H-Jf^^R ' XS' (R' > 
R, S' >S) {Cfc^i-^, 0 ^etUCfco-C, FFTiaj^S^^^ hslsf\-W.<Dfi&$- 
«M6SrU 3 ' = A./aR' <U 3 , V 3 ' =i/bS' < V 3 iv>5 «fc SfcflSK -e#5 0 

10 116] 

[y^fX^ffli (2) ] 
^(16) T*ttA^lf-A^5t^^-^T^1f fg&I^T^&V^ A - A & £ # 

[0117] 
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W(a,ft) = sinc^^Jsinc^Mj^] £ a mn t mn exp{- + hbfi)} (22) 

[0118] 

a mn t LTV^So 
[0119] 

«itfAW^A*l/e»B8*JaR/20^jr^«t»*tt54, A**-** 
h/KiiT?©**?* hOMB8i/ 1 iaR-8U I / ll fc49 % ^iu l 02««t 

[0120] 

* (1 6) h,K i-**>^Jta»|fc (77 *>-*-:7:r-fc) 

[0121] 

[0122] 

^$>7-V ^W.'*9-ls<ni>:;i'*#m ( a ' = a/C 1% b' -b/C.iftfi. £ £ -? 
C x , C a f4 2&.±<Dmmx*&Z 0 ) U*5|, ^?)tWXt'UyX©^^y^ 

[0123] 

7 O E ^ 5 i D O E © tI«i©^«DIx 7 - (#J * tf^rc 7 
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-) ©MtMtSciiJT*, *§Mc:o&ft (a = 0 = O ) oMM»fiKt«» 

( (2) #W^3 3 4 6 3 7 4 t, *, 0 ) o |b L7 ^^ Sdoe 

^ — i' 3) ©DOET?t7 l/^/H©DO E £ fc<5„ 
[HS609 1 ] 

[0124] 

CSfclfefcll (77 l7>-^^-^ r ~M DOE, ] 

[A. DOEO±ft{fc«] 
: 1 0 . 6 # m 
K : TEM 00 
1 / e 2 If— : 10 mm 

DOEttB : 1 6^|5f 

DOEt^f^X: a = 2 0 M m, b = 20„m 
DOE^t;Uf : R= 1 0 0 0t;K S=lO0 0t;u 
DOEf-f X : a R = 2 0 mm, b S = 2 0 mm 

#8cbf-Agc : 49 (=7X7) 

att^*-*' : 0 3 Oil 19, P 1 = 3. 9 3 7 0 lmr a d N P 2 = 3. 93701mr 
ad, 6 , = 0. 15748mrad, S 2 =0. 07874mrad 
::Trad(l7^Ml7^7y= 5 7. 2 9 ' ) % m r a d » y 9 $>T ^ ( 1 
mrad = 3. 4 3 7^) X~h% 0 
[0125] 

s i n a k =m k U, s i n j3 k = n k V k m^Lir Z> H <D MMM *C « , 
U= 5 , = 0 . 15'7 48mrad,V=5 2 = 0 . 0 7 8 7 4ar a dift5, * / a 
S = 1/iS = 0 ' 5 3mradfjb5i^, U < * / a R N V<^/bStVN5 &# 

[0126] 

[B. |R 

@ » 82 ' 2 %> ^tf^o^ 1. 6%, **^X»*8. 6%, 
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[0127] 

[C. l^-if7JPXSg] 
±|BcDDOEi, 2 7mm, ft^ 5 0. 8mm, Z n S e Si) 

[0128] 

-efoSo #*fcffifcaftJBLfct>©-c«:jfev^v<»s £ i -<#t**>s„ 7x7 = 4 

[0129] 

(±2, ±2) 04Ai (±2, 0) , (0, ±2) <D4&k (0, 0) ^tt9^»ft 

o«t5^^JKy h j&s g ft £ fc -5 /< ? — > fe 5 o 
[0130] 

^ fe,4p i = 500/zm,P 2 =500M mX?fc 9 fe^fi 500^mX500 M m(Z)^: 

#£-e*>5. (±4, ±4) ©i£^o^tt2fejii9^^fci"ixrv^5 0 (+ 4> + 4) 0 

ffi«?0^<D»-^^^b^Xuf4«*s 5 1= 2 0 ju m,«E*s 5 2 = 1 0 /x m-efc 5 0 7*?tf> b , 
[0131] 

%:<0& oKL&fe^-^Z. Y-y Mrt-?5i 5*#Stlf— AJ4R] — asry Iw?**-^© 
[0132] 
[01 33] 
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[0134] 

m 6 fe*%tw<DfYM (±mm<Dnn) K^^x^^timm^tii^m 5©DOEia 

mffi<V±$ ^143 9. 75mradt?feSo &*&.<DmMfe 5 m r a digffcS. r 

x^^Ztntffamx-b £. <frfrz> 0 fe>bSf)f©fe5 g — 3©7X7 
tTV^5 0 ^sKy MtAfi, fet A/iTtf bot ttftV\ 
[HM 2 ] 

[0135] 

C^l;&fc#ij2 (77i)y*-77'-S (7— ym^) DOE, ±^-11^7%) ] 
[A. DOE©±/itt|] 
Jgft : 1 0 . 6 m m 
K : TEMoo 

10mm 

D O EfetB : 1 6 g*P£ 

DOEt/l'f'f X : a = 2 0 /z m, b = 2 0 \x m 
DOEit^|:R= 1 0 0 0t/K S=l 0 0Ot;i/ 
DOEif^X: aR=20mm, b S = 2 0 mm 
#H£^-i»f£fc : 4 9 (= 7 X 7) 

ftt&s<# — 1/ : m 3 (DM y, P,= 3 9. 37008mrad, P 2 = 3 9. 37008 
m r a d x 5 , = 0. 15748mrad N 5 2 = 0 . 07874mrad 
[0136] 

Sfftb1rZ>s<? — >fe~<Dm£-hm 3 <Dmb€<D&% 7X7DK? hE5lM#-V 
2 T*te P,= 39. 37008mrad, P 2 =39. 3 7 0 0 8 mr a d t Lt^ 
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t PI £ t? 5 j = 0 . 15"7 4 8mrad, S 2 = 0 . 07874mradT?fo5 o £: t>> *b 

[0137] 

^Sfe^iJ 2 ©i^t, x % y #[6]<D#fl?fgU, VI4 
U= 8 j = 0 . 15748mrad 
V= 6 2 = 0 . 07874mrad 

[0138] 

lfti2tl3^ttaR=2 Oram ( 2 0 0 0 0 # m) „ bS = 20mm (2 0 0 0 
0 nm) &c£>-£\ A/aR = J,/bS = 0. 5 3mrad"T?fe»K 
[0139] 

U (0. 15748mrad) < X / a R (0. 53mrad) 
V (0. 07874mrad) <l/bS (0. 53mrad) 
[0140] 

[0141] 

[B. RtHtt*] 

B$r8b* 7i. 6 % , 7^*1. 7 % , y >r xaaar 3 . 5 % 

[0142] 

»=• y h'^fi — iskf) >b<ate#£E Lftv>fi-f-efc5#|g| 7 feftm<Dmm<D «t 5 
^^-y|:^5 0 ttifi^,gi^1)Sx.S^, HI 8 tf)^^*^ hfr&&til-£t>frZ> «fc 
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[0143] 
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03OJ: 5 fZE&XDXtfy MB«Srmai©#J*lJm5i"T?#SDOEt4#*s-ofc5 

- A 91 m / < 9 y * & '> ft V ^ t i> > j& * W * & # £ # » t T 3S T>* W L T V % 5 O f~ * 6, , II 7 <£> 
[01441 

fc<£A,fc5 0 DOE^fe BWii-5^feaft*^^Jtt — «SW*«E*b-efc-5*s % @^)(^^ 
HS3ii*^* (1213) ^tD0Etl5iltfii^^©-efe^ o 
[C. I— If^niglg] 

±IBODOE t f s i n 0 Ul/X (M&mMl 2 7 mm) Srffi V>fc u-1f Jpx^iHSr 
{tS^Lfc 0 * htt^Ji 1 7 1 /t m * bfc 0 r <Z> f s i n 0 l^XttRteJfc 

^fc#»BI3#K:ftSft#0>J (2) #fF^ 3 3 4 6 3 7 4 ^-fCfBftcD^fe^ J: o L 

[0145] 

immm 3 ] 

[A. DOEC±4fti] 
: 10. 6(jm 
K : TJEMoo 
1 / e 3 f — Aj£& : 1 0 mm 
D O Effcfe : 1 6 

DOEt /- -ir>f X : a = 2 0 /z m % b = 20^m 
DOE^t'f X : a R = 2 0 mm, b S = 2 0 mm 
DOEit/P|:R= 1 0 0 0t;K S = l 0 0 Ot;P 
#|l£k*-.A$i: : 4 9 (= 7 X 7 ) 
[0146] 

: m 3 C5ii«9 % P,= 3. 93701mrad, P 2 =3. 93701mr 
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acK 5 x = 0 . 15 7"48mrad N g 2 = o . 07874mrad 
[0147] 

7^;Hl/yX : MI«f=- 5 0 0mm 
[0148] 

mmmi ? v i/*—y r—m trnttz t zaizDOEfr? is*/i>m-?hox u 

VX«rfc*aT^5 T?2b 5„ ftjfefti 3 -Cil^f l^VXte f =- 5 O 0 mm 

[0149] 

lHJStfiJ 3 (MMM 1 £ C«fc 5 iO % U = 8 , = 0 . 15748mrad, V = 

S 2 = 0 . 0 7 8 7 4mradi45, 
[0150] 

A,/aS = */ bS = 0. 5 3mrad"C*>5lJ>b, U < 1 / a R , V<l/bS^ 
[0151] 

[ B . 1§! jH" /lip jp: ] 

iHi*fgii¥8 2. 2%, 5^a«*bo# (mmmm 1. 6%, **/-r X3i&^3. e% 

[0152] 

[c. u-if*nx^«] 

7 m m N piL'S 5 0 . 8 m. m >> ZnSe 

zm\<->tcu-y i toJLmm*ftmvtc 0 ^®©**?s/ hfi^te 1 7 1 » t Lfc„ 

[0153] 

HI 9 (Dfj-Wfete £ ^ xnti & tltcMMM 3 <D7 

[*i6!0ij4 ] 

[0154] 

[WJ4 (7l/^yHDOE, ] 
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[A. DOE©±«] 
: 1 0 . 6 ju m 
K : TEM 00 
1 / e 2 : 10 mm 
DOEfiffi : 1 6 M 

DOEt;l/t-fX: a = 2 0 # m N b = 20jim 
DOEit/l't: R=l 0O0t;K S= 1 0 0 0t;V 



DOE^fe 



a R = 2 0 mm , b S = 2 0 mm 
4 9 (=7X7) 

3 3 CD® 9 , P,= 3 9. 37008mrad N P 2 =39. 37008 
m r a d N S j = 0 . 15748mrad N 8 2 = 0 . 07874mrad 
[0155] 

7 U^wP§y UlsX : ^^Sgfif f =- 5 0 0mm 
[0156] 

S^ttS/^-yttrwI^^HI 3 <Z)^ 5 7X7©Ky bSB^J^^-^ 

T*&3<, ^^•H!i^(Dm'a'^^a?rP-<5fc^^m0ij4T?^P ! = 3 9. 3 7 0 0 8 mr 
ad, P 2 =39. 3 7 0 0 8mradHTV^ o mMM 2 b^t Z$.T*tem — fc 5 
^Hit^J 4 -efi WyXIrD O EfC;j£-£ b-CV^So 
[0157] 

[0158] 

U = 5 j = 0 . 15748mrad 
V=8 2 = 0. 07874mrad 
[0159] 

T'fcS, a R = 2 0 mm (2 0 0 0 0 /im) , bS = 20mm (20000/zm) 
T% VaR=UbS = 0. 53mradT*fc<9, 
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[0160] 

U (0. 15748mrad) < X / a R (0. 53mrad) 

V (0. 07874mrad) < X / \> S (0. 5 3 m r a d ) 

[0161] 

[b. Ktmtjft] 

@*fSll*7 1. 6%, Mft/<?S"*1. 7 % % >f xgfift 3 . 5% 

[0162] 
[C. f^JDIif] 

-ttB©DO E tf sinfl 12 7 mm) £r/BWc U-1f*PXg«4r 

tfMKLfc. ftiffiO^jJ? y Mfc&tt HUm^i LfCo :«5 f s i n 0 WXttUEfcJfi 

(2) 4#ffF$fc3 3 4 6 3 7 4f t|3tt©^i£(aoT^L 

[0163] 

HI 1 0 »±*»W©th*ftK: J;o-C»tt-*tiyt*16W4©7 u^Hdoeo/^- 

[0163] 
[H l ] 

t£3fe©l§l#f3!#3 fe 8l5i&K:*3V'*-C\ P X Q -fc fri* b 5 |Q — (D a =1 5/ — l^©tft 

[m 2 ] 
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[13] 

© ^fe ^ # fi? f I ^ 1!^ 
[14 ] 
[B9 5 ] 

H 3 OmtfT/**-^ (P 1 = 3 . 93701mrad) £f£<9 Wi-fc***^©** 
[0 6 1 

7 5 m r a d T-£>3 0 jEflfcfcte^^ -hT?fc < ^ft L ft j&Mfc © ± * # s> h^M^IH 
[GB 7 ] 

1 «r 1 Ofgfc: LThUl 3 <D g mmtfi^Z — ^ (P,= 3 9. 37008mrad) 
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EUJp** — v# i o»K45otDOE©/^-y|i 1/10 ©g&u:/j>£ < fcs 0 d 

OE<^JP^-^r6^cD^fti^i'C < };oT^|i,L"TrV'»2)o 
[B8 ] 

HI 3 O S &)m$r®. (P,= 3 9. 37008mrad) SrffH t) fcfcj -f 46 # 3§ 9! (75 5H 

ifeFd2^J;oTiSf+$tb7 v c|ll7^DOE{v:j;oT#btLr v c:|fi]tlf^^^i-o mffifaZ) 152 

(Dnm^i-mte 331. 2 5 m r a dt*fc5 0 £%m 1 on 6 tjt^T^s/ h^t^ 

/h£V^s % ^ftfSID 3 OB W0*flftic*jlt* 8 x , i,op M p 2 {c^-t- SitW 1 / 
1 0 a 0 n&)birz>®$T;<?-^%w$iLxi<^Z> ^ 5 jfeT?ttittJ£0>i$> < t> 

OT'feSo HI 6 Kit^ft^Of-^ Xa*/h£ l/N^tejRt^tfS^ i/i o t 4o"CVN5^P,-c 

[09 ] 

^Jfe0>J lOi? ftSfe^fo 5 raffs' M£«:#5fc«>©*Jfe0!|3 ©DOEO^^y 0 o 
* t> ^it^iJ 1 (P,= 3. 9 3 7 0 1 mrad) +l/y^DOE©t;K^f^tl: 

OElcMi-5 £ 7 5 * JDK St* El — v i 5 £ , ^ 

[Hi 0 ] 

77D>*-7 7 -lDOE ii3fel/yX^lfc7^/Vi©DOEiaoT 
HJfetfiJ 2 ^ «£ 5 JfcJSfe^foS^JKy hi£&#5fcfc<£^Jfe0!l4 £73 D O E©/^-y 8 o 
£ 9 ^JtflflJ 2 (P,= 3 9. 3 7 0 0 8 mrad) +uy^©DOE©t/U©J|^^ 

DOEicists t y ^Mi/yxii c «fc 5 ^JiaT^^<75/N o >? i 
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[0164] 

c ir/u mm) 

DOE StfrMft^lH^B 

FFT *G3£:7*-y 
b ±/ue>m^lfe 

W pq DOE*»e>p, q^lpJ^HIiff £ ft £ Eft 1 (p , q^fiO) 

I pq DOEi^p, Q*lRjlCEIJff*^«ll*f3teO»* (p , qiUfl-fiO) 
k IU$f IT — 

A (= a p, b Q) 

a DGE^e,HI*f*tL<53feOx*ri^OlHliff^ (iti^*) 
|3 DC E/5»e>HI*f £ft6fttf) y %ft<Dm$tfi (i*$cft) 

I (a, 0) DOE*»bo, |3 #fafcl|Iliff;5F;h,3III*r3te<D3S£ 

v ®*f3teco y xmnrnftMrn 
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R DOE©«i2tt^/l/©t 

S D OE<Df att^t/KZ)t 

G DOEc^Sa^M-S^^y V — ^(D%. (R/P) 

H DOE««i2l;t^^ y — ^(OWi (S/Q) 

e MMifc 

w., w 2N w 3 , mmmmfc&n z^ik-B:2mm:fcWn-tz>m& 

r' t mn = o <Dmt$,*mm\z&n Lfc^©DOEoiact^t;KDt 

S ' t mn = 0 (D^l^^jllS^ii^n bfcB#<Z)DOE(Di^3a}cM^-fe/KD#: 
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1 ] U— 1 g il <9 ^i?^^ £ S^i-fe a X b TJ* 

*t*fJ6tT gait) O ft iff SHI 3 ft $ t ^^^X-fj^SIi^ft^lr^ilCRX S 

^KfiO^ttlf-Ak (k=l, 2, K) ^^l^i-S[E]JfTM3fe^$(5p n pT'fooT N 

s i n a k = m k U 
s i n j3 k = n k V 

U< X/ a R 
V< X/b S 

[icl ] 

\ A ) \ A J m n 



Kiot^i V =c-^& (FFT) W.£^-C*£|-g ^TPS^W (a, |3) 

2r^-;i5 (a, jS) ©»o*»fi«^ft^tt«tc^*i-s*&-?^d»P>^^fc^|*-c&5 J: 
0 U 

7fe#}C*J-L-r U k , j8 k ) V>n&&tff#V&m<Ofti&V — A k (k = l N 2, K) 

KfflO^lftbr— (a k> /3 k ) ^"oOjEOttU t V t 4^$:£>ftV> k^tf) 
ii^^S^:m u . n k |CioT 
s i n a k = m k U 
s in/3 k =n k V 

ft A. SrllI*fS!3K^«Sao^-jfe a R, b S T?« o fcffi J: *} fc/h^ 
U< a R 
V< X/b S 
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5 i KifBtt®l3*fil3fe4**|i&. 

[»**6] j3frM©2ffp]©#|!£ir~-^ (a k> )3 k ) OlHlJfS« W ( a k , 0 k ) ff. 

^^^FFT^cJ:oTffv^y-l'X3te©fc^^>ot^J|[|»lw^lM^glL, spa^tt^-Aa*^ 

I— «© 1 **»|C#*«f « g m <9 ^fftaXb miC^LT g 

*U A**Lfc¥*rir-A* % ftifc^tr («„, j8 k ) © ft J* * *-*-*R «| © f 
-Ak (k = l % 2, K) t^tti-SHJSfSi^^fB-Cfeo-r, |SI-©-t^E«Sr 

oTsina k =m k U, s i n ^ = n k V i: i 5 ^oMIBIE©^ 

[»#«8] i^^x^f sine i/yxtiib5c^^ it5M7{: 
IHtt© i — if*fll^« 0 
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